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IANGLISSIFIEU

-ft-ishown th•t the magnetic moment of 9 steel ships whether

permanent or-induced, can oee .ntly be represented by an array,

inthree dimensions, of magnetic dipoles at the. centers of rectangu-

lar cells which the ship wholly or partly OCcupi.es, phe magnetic moment

ot.4ach dipole baing equal-to that of the'portion of the ship's volume

wh~dh -it represents. By--hii-artIftee9.single computation of magnetic

fiel4 components of a magnetic dipole at points of a grid centered thaera,*

at. can be used to find all three magnetic components of the field at

-any grid point. ow.to-th. whole ship on any magnetie heading anywhere.

The agreement-with experimental data should be good at points much

closer.to the'ship than when its magnetic moment is repreaented by a

linear distribution of magnetic poles. An example is'computed in

some detail.

UNC LAS'P



CONFIDENTIAL

COMPUTATION OF SHIPS! 14AGNETIC FIELDS

It has-been known since th e! dcveldpmer't of .degatisS'ing'ur ng.

World War-II, that the magnetic field,'of a ship, ati points where*..the

effects of its lodal 'inhomoaeneities. are not great,. 'a near~y ..that bf

*a homogerieounl.y M~agnetized ellipsoid, the principal. dimens16ijjs oit' which

are nearly. the principal dimensions of the ship (length., 'beam., deptli),

Iand which is centered at the ship's centroid. The most complete'.

statemefit of this generalization is found ii,1 a puiblication (1) of-the

Bureau of Ordnance hereinafter referred to as OD 0050O.

*In OD 8050t (pp..432-463,, in Part IV) a methrj! =;Ing spher~oidal

Icoordinates., applicable where the. more general ellipsoid degenerates,

into.a spheroid,, J~ e'-"lained, airi is applied to the USS'OVERTON DD 239,

to show how magnetic meeburemonts mad&. on this ship in 1949 can be repro,-

duced by computation. It is correctly stated that such computations are

inconvenient, and are too time-consuming for gncral use.

In another place in OD 8050 (p. 69, in Part I) 'an empirical formula

Iis given for finding a vector 11 proportional to the magnetic moment of
a ship heading in any direction in the local magnetic field of the earth.

This magnetic moment~or M. can safely be Used to comp .ute the'magnetic

Kfield of the ship at distances mreat- with rest;ect to its dimensions.

It is, the purpose-of thi's note to pcint out that.,it 'is possible,

and not too time-consuming if high speed digital computers are available,
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to combine the two id3as just presented, and to compute relatively

rear fields of a ship, considered as a uniformly magnetized ellipsoid,

by adding up the separately computed field components of suitable

transverse slices of the ellipsoid. A trial computatior for the OVER.TON,

done by "hand", using a desk type electrically driven digital machine,

has beefn carried through and will be presented below. The use ot the

new method for predicting the expected interaction oýfsteel ships of

known dimensions with magnetic mines of known, or assumed, character-

isticsi;may turn out to be justified in solving complicated' mine war-

fare pibblems.

"The tormula for M, given in OD 8050, is

,M =0.o13X( P)i ooo03YJ tO.OO5Zk (1)

• Rer& XY,Z are components of the earth's local magnetic field

along the unit vectors 'i,,Jkfixed in the ship, ; pointing forward, •

pointing to starboard, )kpointing downward. Thus X and Y depend upon

the ship's heading, but Z does not. The number p is stated to be "the

ratio of permanent to induced longitudinal magnetization", but study

of the formula ahows that this is not a possible definition ror p

sin~c.e the formula would then say that when X becomes zero t~e "permanent"

magneti;ation has no effect on M, which is absurd. The mistake must

have been committed in simplifying a general formula for use with con-

ventional north and south headings in degaussing work. The general

formula,. which should have been given, is

CONFIDENTIAL
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M. o.0o3(X +P),+ o000)Y+ o.oo5Z (2)

in which P stands for a magnetic field, constant in magnitude and in
direction along •, which would account for tiae permanent longitudinal

magne~i;ation ad'X accounts for the induced longitudinal magnetization.

'A more general expression of Ma, the magnetic'moment of the. ship,.
a Se

is 4'

Ms4 Kx (x+P) -•Ky Yj+÷Kz Zk (3)

where Kx,'Ky, Kz are factors, all of the same physical dimensions

(magnetic moment divided by magnetic field. intensity), Since remote

field changes, radiAl and circumferential,.tan be computed from

.4 H, :2Ms cos /w3 (4)

a He Ms sinQ/,t (5)

it is clear that, in Gaussian units, here used, the physical dimensions

of magnetic moment diviied by magnetic field intensit are those of

volume, or tLJ 3. This means that here, as in OD 8050, lengths can be

expressed in reduced form, that is as numerical multiples of any con-

venient length, in both parts of the computation leading to magnetic

field values, it also states the well-known fact that scale models can

be used In planning the degaussing of ships. It is aiso clea. that. all

magnetic fields can be expressed in oersteds or in milii-oersteds, or,

as is customary in degaussing circles, in gausses or milli-gausses.

(The use of units of magnetic induction is tolerable because 3hips and

CONFIDENTIAL
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mines interact in nqedia which cannot be appreciably .magnetized.)

Compuatation .by ship slices can be much shortened by choosing for

computation points in the field which are separated, along the direction

of the keel, by intervals equal to the thickness of each slice. The
numerical factors which appear in'computing the field compononts due to

I

oni slice at a longitudinal row of points will reappear for every other

slice at other points of the row arid,.po need. be Computed only once.

Th• expansion of the vectorial formulae for field component of the nth.

slice, with its resultant magnetic moment Fns at. its centroid, yields'

tho.following formulae for a well-depermed ship, for which, that is,
p1o,.0

., d Hxn : Fn (KxaX +Ky o•' 4Z.) (6)

6 'yn : Fn (Kxo'lX+KyVY410 2 K ?'Z) (7)

zn Fn (Kx4 +Kyd'Z*Kz-inZ) (8)

Here Fn is the fraction of the volume of the ellipsoid in the slice and

the, factors oc,/4, • o46 Ž C • are numerical factors expressed in the

reduced coordinates , of the point chosen with resrpýct to the

centroid of the slice, and of the reduced rad.ius from tha~t centroid.

Explicitly

(-o)- --.
3 (10)NI- -& (11)T (12)

CONFIDENTIAL
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e* . '
77 -(13 ..1-9 "1), r 7v7(15 -

The relative magnitudes of Kx,, y, Kz here assumed. were '.onsistent

with OD 8050, that is

Kx : Ky: Kz ='0.013.0.003:0.005 (16)

The. common multiplier of the number, on the'right h~nd ,Iude' of this *

proportion, to give Kx, Ky, Kz is (.X/2)3 whete.2'is the length 'of the .

ship (not the length of the subqtituted ellipsoid),- For the.OVERTON

of length 314 ft'and for the-chosen unit of length,.40' ft; it follows

that the reduced length is X : 7.15. The-numerical. factor used in

computations is then (/2)3 60,,467. "'

The unit length, 40 ft, was chosen so that computations for'pdints

on a plane 40 ft below the ship's centroid (as in OD 9050) would be

especially eaey.. It was thought better, however, to use slices less

than.40ft thick, and compute fields for points less than 40 ft'apart.

.on lines palrallel to the ship's course. It can now be concluded that

20 ft would have been about right as the slice thickness and grid Inter-

val, but, in fact, 10 ft was chosen. This made the central slices of

the OVERTON considerably too thin to be well represented by point mag-

netic dipoles at their centroids,, and this,.,in turn, makes all computed

fields at : I too samll.by possibly 3.per cent'at paak values, posi-

tive or negative. Less than peak values are proportionately,, as well as

absolutely, closer to the best values obtainable by the slice treatment.

The three numbers given in Eq. (1.) and copied In Eq. (2), are

COMTFIOLDNTIAL
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different for three reasons. Most fundamentally, the steel in a ship

is not isotropically arranged, there being different average areas of

steel in random pla.ine sections perpendicular to the three vectors i, J

k. Secondly, the resultant magnetic moments induced. by equal axial

fields in a ma.netically isotropic ellipsoid would-still diffor along

different axes, being greater in the directions of longer principal

axesobgcause the jelf-demagnetizinr fields are less for then- directions.

Third'y, the effect of'permanent magnetization is included only in the

third term. The numbers given in OD 8050 are only appr6priate for ehips

of coAventional shape and structure. Any radical departure from the

type cf' hull on which these numbers were based would change their rela-

tive mngnitudes. All t.his means is that more recent experience must be

utilizbd before any extensivc computations can be based upon Eq. (2),.

and.tat different multipliers Kx, Ky. Kz can be expected for ships of

peculiar characteristics.

The spheroid found in CD A050 to be best suited to calculations of

OVERTON field values by spheroidal harmonic analysis was also assumed

here. It has foci 352 ft apart Ind a major axis 353.2 ft long. It was

divided into 35 slices, the central slice centered at x 0 O, y 0 0, z O 0,

and the extreme slices centered at x : 170 ft, y e 0, z 0. (This

ignores a very small volume at each end. ) Neglecting the curvature of

the slice edges tho relative volumes were taken as proportional to the

-Peas oe' their transverse mid-sections. The resulting values of .,, are

given In Table 1, and have been adjusted to make : 1.

CONFIDENTIAL
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Table I

Fractions,,4 , of total magnetic moment of U33 OVERTON DD 239 ellipsoid

model, contained in transverpe slice,-.-., 10 ft thick.

1. 35 -4.25 0.003114

2 .34 4.00 0.007607'

• 3 33 t3.75 0.011827

4 32 13.50 0%015775

5 31 t3.25 0.019450

6 30 t 3 .60. 0.022854

7 29 *2.75 0.025995

8 28 2.50 0.028844

9 27 2.25 0.031430

10 26 t 2 .00 0.033745

11 25 ti.75  0.035787

12 24 41.50 0.037556

13 23 t1.2 5  0.039054

14 22 !1.00 0.040279

15 21 t .75 0.041232

16 20 .50 0.041912

17 19 : .25 0.042321

08 0 0.042457

CONFIDENTIAL
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Computation is straight-forward for any point ( Y , , ) in the

field, being the summation for each of the nine terms in Eqs. (6), (7),

((8) of 35 products of by appropriate ( .----------- 'factors. The

values o f ,/q_.,e'.,/ ,•' are tabulattd for a few fixed values of -

S(0, ±0.5, 11, ±2, t3), for one value of f(1), and for a range in

va'lues of r(0, -0.25, tOO5 0 , -----. 9.75, ±1O.00) sufficiently great to

include'points well ahead of the ship ai.d well behind it. The choenn

values-of.fandopermitted mapping the field of the OVERTON in a

rectangle 460 ft long and 240 ft wide, or to points 73 ft. ahead and

behind, to points about 105 ft off the beam. The assumed values of

the. ear'thls magnetic field were H (P(.1is) 0.200 gvuss, H(. Z )

0.-49 gauss, as at the point where the OVERTON was studied. All H

terms dirte.tly computed (before summing the 35 items) we-e recorded to

10-8 gauss..

If a grid of points at the corners of square meshes had been com-

pletely'filled in, by selecting the range and intervals in 'ri to watch

those in T. the computation woulc not have been as much greater as a

mere count of added grid points would suggest, since symmetry reduces

the task considerably.

Figs. 1-3, 4-6, 7-9 show 04 ,94  ,,6kL at the selected grid

points for the OVERTON headed 00, 450 and 900 (magnetic) where the

earth's field has a horizontal component of 0.20.) gauss, a dcwn-point-

ing vertical component of 0.495 gauss.

Since there are mines which attend only to changes in the total

CONF'IDENTIAL
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U2

HT (x 2y2 .z2) (H .0H2  lH2)½ (17)

magnetic field it seemed desirable to compute the.magnitude of the

resultAnt of 4 Hx,4Z Hy,.Hz (at each point for which these components

had been computed). This was done, and Figs. 10-12 plececnt the results

graphically for the same three headings.

Results for other cardinal and intercardinal headings 4an easily

be derived by symmetry from those given in the Figures. Interpolation

for other headings and for other values of il, may also be feasible.

The behavior of a mine attending to the total magnetic field, or

to changes in its vertical component, when a ship passes, can be pre-

dicted from curves like those already given. Plotting field level

"*lines on, a horizontal projection of the ship and its neighborhood to

get actuation widths for mines of known characteristics is a well-known-

method used in such prediction. Mines attending to changes iti the

Shorizontal component need a further step in computation, explained

below.

A horizontal-component induction type mine can only attend to

changes in H the horizontal component which lies along the axis of the

core of its irduction coil. The value of thia change 4H $, at any

grid point, is 4H$: 4Hx *+& 11 y Aw" 4 when 0 is angle between ship

heading and mine axis. It can be assumed, unless the contrary can be

CONFIDENTIAL
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proved, that all orientations of this axis in the horizontal plane of the

sea bottom are equally probable. If this be admitted, the chance that

such a mine will be fired when passed by a ship on a given heading

depends upon the angle, ý, between the core axis and the magnetic

meridian, as well as upon the ship's magnetic headingO.

The computation of the changes in A at. grrd pointg for which AHx
and &Hy have already been computed is again straightforward. It has

been carried out for the same Ovalues (00, 450A, 900) for a series of

vAlues 00, 300, 600, 900. What is more interesting than the results

*for any specific 0, for a given 0, is the mean value for random

orientations oi the mine axes, here approximated by

""'Hq (4Hoo*2bH30o÷2A H60o +A# H9oo)/6

Vaiues of 4H for 9 a 00, 450, 900 are presented in Figs. 13-l.'. The

contour map technique may again be used to get most probable results and

to estimate their variances in different parts of real channels.

If it turns out that single-component mines do not lie close to

horizontal, but are predominantly at an appreciable angle to the hor-

izontal plane when waiting for ships, the analysis here used will have

to be replaced by a similar, but less simple, analysis.

Another method of handling the dependence of actuation probability

upon the orientation of horizontal component mines was developed (2)

(3) (4) in connection with magnetic mine sweeping. It uses vector

diagrams of horizontal field increments at equal time intervals at

CONFIDENTIAL
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fixed points on the botcom as the field-prodicing agent passes, and a

transparent rotatable overlay showing the assumed orientation of the

mine axis and required actuating 'field minima along that akis. This

procedure is time consuming as first proposed, and is not well adapted

to machine computing even in its latest form, Since no assumptions

,were made in the present paper retarding serasitivities 6r other operating

characteristics of mines this method was here inapplicable.

Values of 4H., for 0 O°. for various values of x'and for y .O,

y = 20 ft, are replotted in Figs 16 in order to allow comparison withe

OVERTON data given in OD 8050 (on 4 453 and 454) from measurements at

the Wolf Trap degaussing station near Norfolk, Va- These data being

presented in the form of contour maps for 0 r 00 and x 1800°, it was

necessary to interpolate between contours to get curves of dHZ-Y-2 -x

for Fig. 16. The depth to magnetometers was not exactly 40 ft, measured

from the ship centroid (assumed to be 2 ft above the waterline) but

z was nearly enough 40 ft to make comparison interesting.

It is seen that the course of.AHZ values is very sihlilar in both.
* cases, but that computed values are smaller at the maximum, anA show

more dissymmetry about the midship section (x = 0), so as to have weak

negative values near the stern. These differences mean that in the

OVERTON the vertical magnetization is. greater, and the longitudinal

magnetization is less, than is predicted by the factors given for ships

in general early in OD 8050. It is suggested that this is due to the

fact that a destroyer has more vertical steel in proportion than vessels

of greater beam and larger compartments in which decks, bottom, and side

CONFIDENTIAL
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pluý.ing are relatively heavier. This emphasizes the need for establish-

In,, ,ltive K -valueý Eq. (16) fur ships of different types if- cal-

cu].ated magnetic fiel'Th of ships are to be relied upon,

Sirce t he computations here reported were ciompleted I have found

a note by R. K. Reber (5) giving a detailed analysis of the magnetic

field of a bairgne 110 feet long, 30 feet wide, and 21s feet deep, The

widtli ,nd depth ovrmi LeIrefore alm,>st tJP i :. f•r, ýhe OVERTON, the

length'only one third as great. Reber did not attempt to compute the

field of the barge at. nearby points, excsept for the vertical field com-

ponent nt a poirnt on the bottom under the center of the ves3el,. He says,

i ... 'act: "Accurale tho'orettcal calculations of t-he horizontal component

f'.lIs due to lonrit.udinal and transwerse manne1Az&tion are hardly

Spo.sible." He does estimate the t.otal longitudinal magnetization for a

north or south heading, and t.he total transverse wagi.'.,tization for an

east or west heading. From these it Is eanqy to find relative values of

Kx, Ky, K. in the notation of the present paper. In order to make com-

parison easier I have arbitrarily assumed Kz = 0.005 in the following

equation derived from his findings.

Kx : Ky Kz : 0.0054 : O.on,-7 : 0.005 (20)

It -is ser.n that the relative values of Ky and K. agree excellently with

corresponding numbers In Eq. (16), but. that Kx is only about tvo fifths

of the earlier given value. This is clearly due to the relative short-

Sness or the barge as compared with typicai cargo ships.

CONFIDENTIAL
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The place? where ric -n.inet iý measurements used "by Reber were made

waa vr'.rv near where ', Ar'iiez" measureznents ,n the OVERTON were.made.

Reber assumed fcr the earth's magnetic field 1Dmponient,' the val'ues

,A3 " T (h 0 2 o.•, where3i5 te values uced in the present

paper were Hv 0 495 gauss, Hh 0.200 gauss. If the present cal-

culations were *.:. be c,.:.ce, as t a•gree wi+h Rober's a'sumptions

.I, wcultI u,- ", pe.' c .'r dr ' .*r . {r, { ,be r , r 1 rrr-t, .•e ingn

would be 10 per cer:n. le. B*h ,f e tese :haniges would improve the fit

between observed and rAictilated curve-s for 411. ir Fig.. 16

M.y thanks are due to Mr.-. C h EHckelman and Mrs. F. H..Stillinger,

Jr. for romputatlon -,f all field ompontent v-ilu•.- used in the Figures,

except, those presented as "obscr.,vd" valuec ofh}I7 in Fir, 16, which

I derived from small sc-le vr~i,-'n1 fnli cl, ncru{ir maps in Figures 15.45

and 15.•46 in 01) 40oU, ;v,.I which rt,- much leU.h 1,r. r:i-Le

CONFIDENTIAL



REFERENCES

(1) NAVORD OD 8050. Technical Reference Book on Degaussing.

30 November 1951. CONFIDENTIAL (Note: Thougfl dated in

1951 the parts here of interest appeared without essential

differences in a much ,arlier publication, Naval Ordnance

Laboratory Report No. 888. 17 November ]143A

(ZY Bureau of Ships. Minesweeping Section. Report No. 94. Magnetic

minesweeping. Theoretical methods for horizontal component

mine and information on the J-sweep. By Louis R. Maxfield

and Mary C. McKnight. 11 Fchruary 1941. CONFIDENTIAL

(3) Bureau of Ships. Minesweeping Branch. Technical Report No. 107.

Theoretical methods of determining the swept path of magnetic

sweeps against horizontal component induction mines, By

R. K. Reber and Mar:' C. McKnight. 1 September 1953. CONFIDENTIAL

(4)"' Bureau of Ships. Code 620. Scientific Memorandum No. 119.

The horizontal component magnetic field of the barge DTMB 3760.

By R. K. Reber. 6 March 1945. CONFIDENTIAL



24

22 -.. -. ? •:t~o.5
20-- --.. •
to a a.

--..--. .. • . ,. , __.

16 --- , .*•

8 0" a

NON / \ft

16.

14 .. .. 0

121

Im 6 *a

10 ".'

<14

20

200 -10 "-- .\o 0

F I C I(
S- - - :4 ,

• .. J \ .

8 \ *0

-1 .-- \ '/ " t

5#

-200

- 00 -000'100 200
FIG. I X (FT)



FOR 'qmO, AHY10

S . . . * 1 7 u . 5

50 - a '77a

a- 77 @2I

*&so ... *.. a n 8,02

9.so
*0 /of 000goo*Saovet

* =e

XDGao

/ --. Mop Iss go of.....~. .... S* **

so..

ma..

5/i

-25S

-200 -'100 0 100 200
FC. 2 X F T



I I i

~' 2

500 so,

8 80 so%

I d 1  
0

Je 
•k

*0

. - .. ., : I " . ,

25 '

F I

4V/

• ee

S:

-.--. -1 0' 10 --0025 . .. 9

gI I b• e e e e e lm' ~ e U ~ e eI a 4 .e



24 i i i

2 2 . . . a 0
-..-... �-u ' .0.5

18 -.. '?7. I
is,1

14 0.. see..
12 In.mm.. .17. 31 ...... .• .- ; " \

''"''"'/" \' .*% -
12.. ... .. • . ' / \

+: ~~e.45' .i ,
S8 .. //101

6

4

2.

_ - - - ../4 see S-.-

-14

-22

-20 -102 0 100* 20

-22 I C. 4XF

-2001I - O 10010110 0

F:: 4+~\+IG. 4--(T



*77a 0
S.. -a 77m

a. . 77 w

277a I

a 77 -1
*50 .... . . • - . 2

. ... . 7 a -2
S......77 a a

-.... .7. 9-5

0.45W

25

/\
/" ,

/f

S*. *• 
O**

0oo L m a eard go

"-25 "--o. ,, i /

* 
, -,----

-200 -100 0 000

FIG. 5 X (FT)



*7 70
K- .. .. 177.5

S......-. - 77 %0,
-.... • -? .. 5 .9

5050 - m-.

.. . . . . . . . . . ........ •3 .-

__ . ... .n U1 * 3 ,•

1 / 9

0

.100

250

50-200 -100 0 100 200
. C. 6 X( 'T



24 I i

22a
2 --... ,,0.5

20 ,,

4- - ea .1i. .D. * ,

... ... ....

10912 ...... """

4

2

0......... . - m- ... -,.

= .. ,O°""/'"9:

-4,

.me .\. ee el°l

-10' ... .;I.;.... •.... .

-12 ... .

W14

-16

-18

-20

-22

-200 -1 O 0 100 200
FIG. I X FT

_ - .. - ,- _. , I. . ~

__• • ., /.



-. 77 8.5

so 660momm 7 *

066

25 .o. -

Is~ .40.\s

., 0....6 6 Bes

0~~~60 t- O:0oWll n

-50L*

0200 6 10. ** *06 10 20

Fo Io C* *. 8* **. .6



i I 1 i.
S•0

a .... .* U .

a .7 m '"..=5==
o a e S '17 0

a0m. .... .3, '71,
*.. ....... ' ."2

-- --"-u-• 7
7 a 3 11

**..... s.. a ' "'3 .117 90' 0

25./ \*".

........ .9 ....A ......

S, , .. '\

./ / \..\

ý25-/

S# % *,,, *

Fl C*. * T

*.i ... "' "*4** *4 4

-Jll

-2J

I I .... .I
-50 -200 -100 0 i00 200

* FIG..9 X (FT)



6~***~ 77 0

44 
00

A? 00

~25 a ~~

-200-1000 10 20

Fl C.1 &T



q .5

a,,o~ 7 amm

- 17. 2

gqe .. ,... a '1? "-2,5

50 *was* 2 -

e oe '1e7 .. oe , o f

fje of*C

: /"

... ... -
:iroe eel3 o

-25

-50

I- ,/ - ~ .

0"200 -100 0 100 200

FIC. 1I 0 F T

= I . ..
Smare e,• Qee



a 77 g,.5

ieiema '1qu
2 %

500 Gee77. -oý N

ft ... ... / \1' a
~~V.

do l ml 
e e/o

+ 25-1 e

0

,to,

-25 -

-200 -100 0 ion 200

FIC. 12 X (F r)



24 --- one 0

22 -- -- 7. r,- 5
20

"92

14 ..... a.
1 ,-.-..--

12 

\ .-

10 00 mAC.

8~~I to-. -

4

2 /

0 - .. ' ' \

I's

bo 00 66
-4/

. o .o;4/.:

o a .077,'.FEET FI..' .,. _F

• el •1I•oo/ 14 °

n _'0 to 0 0 100 20

ys40 FE ETF.1 X(T



+ + I i.. .. .... .. ..I ... ........... + ... ... .... ....
24

22 @--" s.5- -- ,17-.5

20
18l . ... .71.-i

16 ....... ,1

14 .... . a--3

10 45W N

aA• / ,"

4

2 %0~

*t.l -- \ ** S--

* *. /** \*•

-14

-I2

200 -100 0 100 200

V407 7} FEET F1G. 14 X( FT)

"- o " 7.



24-

225

-. 77 5

14 s""al o 0
12

10 90"NAG.//

0.

4/

~0

.00 / go,. I
~0 0oe *oe

-12/

-I0

rO" 2 0 0  -100 0 100 200.
Y m407) FEET FIG. I5 X (FT)



% %S....- U• 0 8OI5. /. 0*a 1r90 LC.-
Mm ...... a . 7o. oa s.-CA.

- - .l5 0.5 CA M P.

Onoe80e * /l

! "t * 

S

25'

=€

-25-
< a 1 1 1--"1

"46V0 -100 0 10® S

FIG.X I (F T)


